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Section 1 

1.1 Evaluation of the Katakana Syllabary Codes 

On the basis o f  previous research (semiannual progress report for 

period 5/1/65 - l0/31/65) four sets o f  electro-cutaneous stimulus pat- 

terns were selected for encoding the Katakana syllabary, Table I pre- 

sents the Katakana syllabary, while Tables 2a, b, c and d show the as- 

signments of the syllabary characters t o  the various points available 

f o r  stimulation, Figures la, b, c and d i l l u s t r a t e  the locations on 

the hands which are used in  each code, In the Tables, Rsright hand, 

t=Jeft hand, and the numbers refer t o  the locations j iven in  Figures 

la, b c and d, Thus, for c d e  #3,  R i  indicates thzt  the r i g h t  l i t t l e  

f inger- t ip i s  stimulated and this corresponds t o  the Katakana character 

'#Ais (a vowel1 sound), 

t i p  and r i g h t  l i t t l e  f inger-t ip are stimulated simultaneously and re- 

present the syllabary sound "KA", 

(code 3 ) ,  the code designation: 112-5 R I  refers t o  the simultaneous 

stimulation of the base of the l e f t  palm and thumb-tip, and the t i p  of 

The code symbols: L5Rl mean that the l e f t  thumb- 

Final ly, and again in  Table 2c 

'%A'' character the l i t t l e  f inger on the r i gh t  hand and designates the 

The other codes are s imi lar ly  interpreted, 

I n  Figures la ,  b, c and d ,  the c i rc led locations 

wintr u5d in rde up to 2k,s tirs of LL:- 
L I S  i 3 ieptsrt 

ndicate the 

T)W, q a i s  

for  code 3 ,  pori t ions R I  , R2, R3, R4, R 5 ,  LS and l.4 have been used t o  

date, 

c i rc led  i n  each f igure t h a t  the data presented belowwere computed, 

It is from the information obtained through the use of the points 



I 

was not possible to exercise se lect iv i ty  to any meaningfull extent, 

l and one slow learner , while the nmbers of the third pai r  (used w i t h  
I 

code 4) have been about equal i n  the i r  performance. Five of t+e s i x  

Ss employed so f a r  have been females. The one male and h i s  spouse have - 
worked on code 3. 

1.3 h a a t a m :  An electro-mechanical system capable of d e l  i ve r i n l  

patterns of br ief ,  dc stirnuti t o  palm and f inger t ip  locations has bten 

used, This apparatus has been described previously (Foulke, 1965)o 

Brief ly, a system of relays, contmlled by an eight-hole tape reader, 

or by a manual operation, distr ibutes the output of a dc power supply 

to three terminals on a ptug board, From the plug board the signals 

are distr ibuted t o z ' s  stimulating electrodes by means of patch-plugs 

prewired fo r  each codea Thus, each code employed in  the t ra ining ses- 

sion was selected by inserting the appropriate patch-plug in to  the plug- 

board e 

Each S i s  furnished clay molds of h i s  or her r i gh t  and l e f t  hands, 

Stainless steel electrodes are embedded i n  the ceramic clay molds, Pas- 

slve electrodes are attached t o 3 ; s  r i g h t  and :eft s:siia 

resistance i s  connected i n  series w i t h  the lead t o  each active electrode 

!! v t f ! & ! e  

SO that S can adjust the intensity of stimulation a t  any location ac- 

cording t o  h i s  own preference, I n  addition,amaster potentiometer, con- 

nected i n  series wi th the return lead, allows simultaneous adjustment 

of the intensi ty a t  a l l  o f  the electrodes, 
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I =  3 

1.4 Procedure: Training was pursued using a paired-associates tech- 

nique. 

was sent, and S repeated the symbol represented by the signal, 

3s were cued as t o  what signal was to  be sent, then the signal 

An at- 

tempt was d e  to present the t ra in ing i n  a'manner that would reduce 

the l ikel ihood of errors on 2s part. 

ted, in  se r ia l  order, the symbols i n  the par t icu lar  column of the Kata- 

kana syllabary being used (see Table f for a designation of the columns 

I through IO), S was cued before the presentation of the signal, Fol- 

lowing two presentations of the symbols in a c o l m  i n  a cued and conven- 

t iona l l y  ordered sequence, 2s were sent the same columnar sylsbols ten 

times, but t h i s  time the order of presentation was randomly permuted, 

add S was cued as before, Following the presentation of the cued, ran- 

doraly presented signals, S was tested to see how well he had learned to 

associate the Katakana characters of the column being worked on with 

' 

Accordingly, S was f i r s t  presen- 

the e lec t t i ca l  st imulat ion patterns, The test  consisted of  the random, 

uncued presentation of the f i v e  characters in the column for ten t i m s  

apiece, while S attempted t o  ident i fy the signal being sent, Since 

there were f i v e  characters which were sent ten times, there were f i f t y  

signals sent i n  one test  t r i a l .  

a c r i t e r i on  ( which, because of the a b i l i t y  differences between 5% was 

varied for individual 2s) of correct ident i f icat ions of the signals, 

After learning the f i r s t  column of characters, t ra in ing as des- 

Following this, 2s were asked 

S was given a nucaber of t r i a l s  to reach 

cr ibed above was given on colwnn two, 

t o  ident i fy  words constructed from the symbols in  columns One and two, 
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Thirtyeigh, words were constructed and presented. 

the list was considered a trial. 

until 3 s  reached a satisfactory criterion of correct identifications 

of the words, Following attainment of the criterion level of perfor- 

mance on the words front coluams one and two, 3s were trained on col- 

unn three, 

syrnbols from columns one, two and three, 

fifty words in each trial. Again, it should be mentioned that due to 

several factors, it was necessary to set different criterion levels 

for different zso These factors involved individual differences in 

ability, differences in the difficulty of the codes, and morale. 

latter was important because a S was likely to become upset if he 

thought that he was not doing as well as his partner, 

at times advanced to the next stage of training along with their 

partners (or shortly thereafter) without having reached a similar level 

of performance on the preceeding training task. 

In evaluating the codes, we have used the first five trials of 

the word tests for columns one and two and for columns one, two and 

three, 

sone never learned them completely, 

in five trials, so it is felt that ease in learning the word lists 

during the first five trials accurately reflects differences in the 

codes 

One time through 

Again, a number of trials were given 

Then they were tested on identifying words constructed of 

In this case, there were 

The 

Thus 5s were 

Sane 2s took longer than f i v e  trials to learn their lists and 

But others had mastered the lists 

Confusion matrices have been constructed for each S for the first 
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three coluans. These matrices allow US to  determine the percent cor- 

rect  ident i f icat ions of the signals sent, and t o  examine whlch stimu- 
~ 

I 

I 

I I a t lon  points produced amst incorrect identif ications, i s e e ,  which 

were most confused w i t h  others, The results presented belaw pertain 

t o  d e s  one, three and four, 

1.5 Results: 

Figures 2a and b are for code I ;  f igures 2c and d are f o r  code 3; and 

figures 2e and f are f o r  code 4, Direct ly  below each matrix are giv- 

en the percent correct ident i f icat ions of the signals, The cohmn la- 

beled '@?" means that the 5 responded with ' @ I  don't haw", Sunming a l l  

the percentages fo r  each matrix and taking the mean gives an indica- 

t i on  of the mean correct identi f icat ions fo r  the f i r s t  three c o l m s  

for each S. 

and d iv id ing by two, the overal l  mean percent of correct identi f ica- 

t ions fo r  that code i s  obtained. 

code i n  Figure 3 n  i t  i s  seen that, i n  general, code 3 produced about 

10% mort correct ident i f icat ions than either of codes I or 4, 

Figure 4 presents the combined mean percent correct ident i f ica- 

M e  two has not been evaluated yet. 

Fiprres 2a - f present confusion matrices fo r  each S, 

1 

By adding the la t te r  f igures fo r  both 2s on each code, 

I These data are presented for each 
I 

I 

tions of  the words constructed from columns I and 2 for both 2 s  for 

each code for each of t h e  f i r s t  f i v e  t r i a l s .  

3 i s  superior t o  codes I and 4 both i n  performance on t r i a l  I and on 

l 

It i s  apparent that codt 

I t r i a l  5. 

Figure 5 presents the combined man percent correct ident i f ica- 

t ions of the words constructed from columns one, two and three fo r  both 

- Ss for each code for  each of the f i r s t  f i v e  t r i a l s ,  Again i t  i s  obvious 

I 
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that code 3 i s  superior, although performance on code I is s t i l l  

proving a t  t r i a l  5 -  The results fo r  t r i a l  8 given i n  figure 5 are fo r  

one S on each o f  codes one and three, Both 2s were the slm learners, 

The f igure indicates that bothzs on both d e s  are doing about equal- 

l y  well a t  t r i a l  8. 

These results indicate han the performance of the poor learner tended 

t o  attenuate the mean percent correct score, 

fast  and stow learner for  both codes one and three, while code 4 had 

two average learners, the means pictured i n  the f gures give a good 

indication o f  the performance of an average learner on each coda, 

irn- 

Both were about asymptotic i n  fact a t  t r i a l  8, 

But since there was a 

By reference to the confusion matrices and to  figures la, b a d  

c i t  i s  possible to  determine which stimulus locations i n  each code 

produced confusion, 

i n  column one. 

"E" = R12, a i l  patmar positions. 

With code I ,  subject L confused "l", "U" and "E" 

Fran Table 2a we see that "1" = R10, 'W" = R11 aml 

In cotumn two, subject L confused 

rcKU8a and "KE" a x s t  frequently. The points stimulated fo r  these 

s$abols are "Kt" = R2-IO, "Kgie = R2-ltl a d  'iKE8' = R2-12, 

positions are confused, With the th i rd  column, subject L confused "SI" 

and trSU1* with "SE", and again these correspond to  the palmar locat ions, 

Subject H d id  poorly on only three smbols in  the f i r s t  three columns 

nf eode I ,  

''SO" (R3-12 with R3-6), and "KI" with "KU" (R2-IO w i t h  R2-1)- 

greatest trouble was discriminating R I  ( r igh t  l i t t l e  f inger-t ip) from 

R10 (base Qf r i gh t  l i t t l e  finger). 

ed d i f f i c u l t  for most 5s. 

Again palmar 

She confused '11'8 with "I\" ( ieee ,  R l O  wi th  R i ) ,  "SE" with 

Thus her 

The l a t t e r  discrimination has prov- 
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Similar analyses as above, w i th  codes three and four, permit the 

general statement of results that palmar Iocat ions tend t o  produce 

systematic confusion whereas l i t t l e  systematic confusion was found w i t h  

f inger t ip  stimulation, as in  code three. 

1,6 Discussion: 

on codes one and four has b-n discontinued, Out conclusion i s  that 

for the most effect ive codes, palmar positions must be avoided. We 

sha l l  be able t o  test  t h i s  conclusion when t ra in ing on code two be- 

On the basis o f  the results presented above, t ra in ing 

gins. For the f i r s t  three columns i n  code two, .stimulation i s  l imited 

t o  the f ingert ips. The stimulus locations are, i n  fact, identical to 

those used i n  code three. We expect to find, therefore, that the 

learning curves fo r  code two resemble those for code three. HOwever, 

since code two involves more palmar locations than code three does, as 

the codes proceed beyond the f i r s t  three columns of the syllabary, we 

expect that code three shal l  ult imately prove superior to d e  two, 

1-7 

a r t  k i n g  reassigned t o  codes three and two, 

Current Statu%: 2s released from t ra in ing on codes one and four 

In  addition, two newzs 

are being given t ra in ing on code two, It i s  anticipated that the re- 

sul ts  obtained with these two codes w i l l  enable us t o  devise an opt i -  

mal code. Attention w i l l  then turn toward ascertaining the upper li- 

m i t $  of code reception using the Katakana syllabary. 

O r ,  Robert Gibson, a t  the University of Pittsburgh, was invited to 

v i s i t  the project as a consultant, After discussing our electro-cuta- 

nexws codes wi th  him, i t  was concluded that a better choice o f  signals 

could have been made, I n  accordance wi th  h is  suggestion, we plan to  



a 
replace the present dc pulses with 1000 cps sinusoidal signals of a p  

proximately 20 msec. duration. The apparatus required to accomplish 

this change i s  CIOW under construction, 



- .  . 

5 

- 

9 

TABLE la  
THE UATAKAW SYLUBARY 

4 3 2 1 

T I  (DJ) S I  (21) K I  ( G I )  I 
TU (DU) su (2u) KU (W u 
TE (DE) SE (ZE) ICE (GE) E 
TO (DO) so (20)  KO (GO) 0 

TA (DA) SA (a) KA (mi A 

10 9 8  7 6 

W WA LA YA WA 
I L I  Y I  nr 
u LU YU wu 
E LE YE ME 
0 LO YO wo 

* Symbols in parentheses are alternate sounds for the symbols in 
the column following (reading r ight  to left) the parentheses, 
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A R l  
*l R l O  
W R11 
M R12 
r) R 6  
KA R 2-1 
K1 R 2-10 
KU R 2-11 
KE 12-12 
KO R 2-6 
SA R 3-1 
SI R 3-10 
SU R 3-11 
SE R 3-12 
SO R 3-6 
TA R 4 - 1  
T I  R 4-10 
TU R4-18 
TE R4-12 
TO R 4 - 6  
NA R 5-1 
N I  R 5-10 
NU R 5-11 
NE R 5-12 
NO R 5-6 
HA -1 
H I  iSSii0 
HU S R l l  
HE L5R12 

TAB= 2a 
ELECTRO-CUTANEOUS COMU#ICATlO# 

CODE # I  
KATAKANA SYLLABARY 

HA 
HI 
w 
ME 

YA 

YU 

YO 
LA 
1 1  
LU 
LE 
LO 
WA 

no 

*I 

Y 

+ I  
w 
3rE 
% 

WN 
GA 
e1 
Gu 
6E 
60 
ZA 

*(DU) ZU 
ZE 

*(D I)Z I 

L4Rt 
L4R10 
L4R11 
L4R12 
L4R6 
L3R 1 
R 1 0  
t3R11 
R12 
L3R6 
L2R 1 
L2R10 
LZRI 1 
L2R12 
L2R6 
LlRl  
R10 
R t Q  
R12 
R 6  
L1 
L12 R2-1 
L I Z  R2-10 
L12 R2-11 
L12 R2-12 

L12 Rl-3 
t12 R3-10 
L12 

~ 1 2  ~ 2 - 6  

DA 
*(Z I ) D  I 
*(ZU)DU 

DE 
DO 
%A 
B I  
BU 
BE 
80 

10 

4.12 R4-1 
L12 R4-I  
L12 R4-11 
h12 R4-12 
L12 R4-6 
L12-5 R1 
L12-5 R1O 
t12-5 R11 
L12-5 Rt2 
LIZ-5 R6 

PA 16 R1 
PI L6 R I O  
W l.6 R I I  
PE L6 R12 
PO L6 R6 

0 L5 
* L4 
1 L3 
4 L2 

*A1 so appears e 1 sewhere 



A R 1  
*I R2 
.Ru R 3  
Y R 4  

R5 
KA LSRI  
K I  L5RZ 
KU L5R3 
KE L5R4 
KO t 5 R 5  
SA L4R1 
SI L4R2 
SU L4R3 
SE t 4 R 4  
so L4R5 
TA L 3 R l  

(CHI)TI L3R2 
(TSU)TU L3R3 

TE L3R4 
TO t 3 R 5  
blA L2R1 
Nf U R 2  
MU L2R3 
NE L2R4 
NO L2R5 
HA LlRl 
i i s  L:R2 
HU L l R 3  

TABLE Zb 
ELECTRO-CUTANEOUS COIWN I CAT I ON 

KATAKANA SYLLABARY 
COOE #2 

WA 
H I  
Hu 
ME 
Ho 
YA 

YU 

YO 
1A 
L I  
LlJ 
LE 
LO 
WA 

*I 

* 

*I 
jtu 
nI: 
*O 
WN 
GA 
GI 
6U 
GE 
GO 
ZA 

*(D I )Z I 
*(DU)ZU 

ZE 
20 

L6 R I  
L6 R 2  
16 R3 
t.6 R4 
L6 RS 
L7 R I  

R2 
L7 R3 

R4 
L7 RS 
18 R i  
l.8 R 2  
18 R3 
L8 R 4  
L8 R5 
19 R l  

R2 
R3 
R 4  
R5 

L9 
L12-5 R 1  
L12-5 R2 
L12-5 R 3  
L12-5 R 4  
LIZ-5 R 5  
L I Z - 4  R1 
L12-4 R 2  
LIZ-4 R3 

R 4  
RS 

DA 
*I 

DE 
DO 
BA 
81 
BU 
BE 
BO 
PA 
Pt  
Pu 
PE 
PO 

*(ZU)DU 

11 

1iz-3 
1iz-3 
i1 2-3 
11z-3 
t12-3 
11z-1 
L12- 1 
112-1 
LIZ-) 
LIZ- 1 
LIO 
LIO 
110 
t10 
110 

*Also appears elsewhere 
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A R1 
*I R2 
w R3 
% R4 
9 R5 

L S R l  
KI L5R2 
KU L5R3 
KE LSR4 
KO tsR5 
SA L4R1 
SI L4R2 
SU L4R3 
SE L4R4 
so L4R5 
TA L3RI 

( C H l ) f l  L3R2 
TU L3R3 
TE L3R4 
TO L3R5 
NA L2R1 
N I  h2R2 
NU LZR3 
NE L2R4 
NO U R S  
HA L l R I  
HI LIR2 
HU L1R3 
HE 11R4 
HO LlRS 

TABE 2c 
ELECTRO-CUTANEOUS COMHUNICATION 

K A T A W A  SY LUBARY 
CODE #3 

M 

nu 
nt 

nE 
no 
YA 

YU 

YO 
LA 
LI 
cu 
LE 
i o  
MA 

*I 

e 

'I 
nu 
jhE 
*O 

WN 
GA 
G i  
GU 
6E 
GO 
ZA 

*[D i j z  I 
*(DU)ZU 

ZE 
20 

L4-5 
L4-5 
L4-5 
e4-5 
L4-5 
L3-5 

L3-5 

L2-5 
L2-5 
l.2-5 
L2-5 
L2- 5 
L 1-5 

L12-5 
L12-5 
L 12-5 
L12-5 
L12-5 
t 1 2-4 
L i  2-4 
L 1 2-4 
L 1 2-4 
L t 2-4 

R i  
R2  
R3  
R4 
RS 
R1 
R2 
R3 
R4 
R5 
R I  
R2 
R3 
R4 
R5 
R I  
R2 
R3 
R4 
R5 
R I 2  
R 1  
u2 
R3 
R4 
R5 
R1 
ii2 
R3 
a4 
RS 

08 1 
*(2J)D1 L 
*(ZU)DU L 

DE L 
DO L 
0A L 
B I  L 
BU L 
BE L 
BO L 

i 
1 
1 
1 
1 
1 
1 
1 
1 
1 

12-3 
12-3 
12-3 
12-3 
12-3 
12-1 
12-1 
12-1 
12-1 
~2-  I 

PA LIO 
P I  L10 
Pu LIO 
PE L10 
Po L I O  

7 4  
14 

L t 2  
i L3 

R I  
R2 
R3 
R4 
RS 
R I  
R2 
R3 
R4 
RS 

R t  
R2 
R3 
R4 
R5 

*Also appears elsewhere 



A 
*I 
w 
w * 
UA 
K I  
Ku 
KE 
KO 
SA 
st 
su 
SE 
so 
TA 

(CH I )TI 
Tu 
TE 
TO 
NA 
NI 
NU 
NE 
NO 
HA 
HI 
HU 
HE 
HO 

R I O  
R 7  
L7 
L 8  
LIO 
R I - 1 0  
R 1-7 
R I L 7  
R I  L8 
R l L l O  
R2-10 
w-7 
R2L7 
R2t8 
R2L10 
R 3 - 1 0  
R3-7 
R3L7 
R3L8 
R 3 L I O  
R4-10 
R4-7 
R 4 L 7  
R4i.8 
R 4 L  IO 
-10 
R5-7 
R 5  L7 
RSL8 
R S L l O  

13 

TABLE 2d 
ELECTRO-CUTANEOUS COOOlUlNICATION 

KATAKANA SYLLABARY 
CODE #4 

nA 
HI 
Mu 
HE 
Ho 
YA 

YU 

YO 
lA 
tl 
LU 
LE 
t o  
WA 

*I 

Y 

*I 
w 
Y 
Jo 
w4 
GA 
GI 
GO 
GE 
60 
IA 

*(DI)ZI  
*(DU) ZU 

20 

L4-7 
L8 
L4- 10 
L3 
L3 
L3- 7 
~ 3 - 8  
t.3- 1 0 
L2 

L7 
L8 
L10 
L2 
t l  
L I  
L 1-7 
ti-8 
L!- 10 
L l  
ti 
t 1-7 
I. 1-8 

R I O  
R7 

R10 
R7 

R10 
R 7  

R 1 0  
R7 

Rl -10  
R1-7 
R I  
R I  
R i  
R2- 10 
R 12-7 
R2 
R2 

DA 

DU 
DE 
DO 
BA 
81 
BU 
BE 
BO 
PA 
PI 
Pu 
PE 
Po 

"(2 i )o I 
L I  
L I  
11-7 
11-8 
bl-IO 
L I  
L I  
11-7 
11-8 
11- 10 

17 
LG 
110 

R3t 10 
p.3-7 
R3 
R3 
R 3  
RS- I O  
R5-7 
RS 
RS 
R5 
R6-10 
R 6 7  
R6 
R6 
R6 

*Also appears elsewhere 



A 
code 1 

B 
code 2 

D 
code 4 

C 
code 3 

lc;tinulus locations used far emh of the 
E;atakana codes, 
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A 

I 

b l t O  u 
E 

0 

KA 

g 111 
W 
v) 

I(u 

N=SO KE 

KO 

SA 

S I  

N 4 0  SU 

SE 

so 
'y, 

Correct 
' -+- 

Figure 2a 

Code 1 
Subject L 

RECE I MD 

I U E 0 KA K i  KJu #E KO SA SI SU SE SO ? 

14 4 1. 

59 I% I8 

8 74 21 

9 3 4 6 5  

1 1 0 9  

8 0 2  5 3 

1 14 53 14 7 1 

4 3 1 6 6 0 7  

I 1 2  1 8 6 8  

1 8 9  

35 4 1 

~4 2 5 2  7 2 

1 26 13 

2 3 3 2 3  

1 1 3% 

54 67 59 99 89 59 67 76 99 88 63 65 80 95 

1 
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Figure 2b 

Code I 
Subject H 

RECE I E D  

A 1 U E O K A K I K U K E W S A  S I  SU SE SO 1 

A 7% 22 

a ~ 8 4 3  

Ne100 u 3 97 

E 97 1 

0 1 9 9  

KA 9 4 5  1 

2 

k S O 0  
i 

KO 

SA 

S I  

N=20 SU 

3 96 1 

I 99 

18 1 1 

18 1 1  

18 2 

SE 16 4 

so 
% 

20 

Correct 78 84 97 97 99 $4 7s 98 915 99 go go fg) ‘Bo 100 
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Figure Zc 

Code I l l  
Subject X 
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Section I t  

2-0  Reaction Time to Electtocutaneous Onset and Offset Stimulation as 
a Function of Rise and Decay Time. 

Recently (1,2) we substantiated a previous finding by Woodrow (3) 

that the reaction time (If) to the cessation of an AC electrocutaneous 

stimulus i s  longer than the RT to the onset of the stimulus, We have 

found this relation to hold for intensities ranging from 400-700 PA 
and for frequencies of 70-500 cps when the current is held constant 

for each frequency. 

To explain the differences in response latencies to onset-offset 

stimuli, we have appealed to the phenomenon of adaptation of nerve and 

sense organs, as discussed by Adrian (4), in which there is a rapid in- 

crease in the frequency of neural impulses upon stimulation, and then 

a gradual decline in the frequency with continued application of the 

stimulus. It has in fact been demonstrated (5) that adaptation to AC 

stimuli occurs with human subjects and that there i s  a rapid initial 

adaption following the onset of the current, followed by a relatively 

slow period of adaptation in which the intensity of the sensation slaw- 

iy declines, 

gested (2) that with the onset of the current there is an 

frequency "burst" of impulses which signals the stimulus onset. How- 

ever, due to adaptation, the number of impulses decreases rapidi t  and 

thus the change in neural input at the offset of the stimulus is tess 

than that produced by the onset, and this difference is indexed by the 

increase in response latency following the stimulus offset. 

To account for the onset-offset RT differences, we s u p  

initial high 
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In the study reported herein, we have tested the foregoing hypothe- 

sis by the use of five different rise and decay timet: 

and 250 rnsec. 

that onset RT's were faster than offset RT's, while with the longer rise 

times, which would avoid an initial "burst" of impulses, It was ex- 

0 - 5 ,  5, 25, 100 

Thus, with the fast rise times we expected to confirm 

pected that there would be no differences between onset and offset RT's. 

As indicated bel-, the latter expectation proved only partially cor- 

rect, 

Presentation of the stimuli was accomplished by means of a Gray- 

son-Stadler d e 1  8290 electronic switch which permitted the selection 

of the rise and decay times, 

cps signal provided by a Hewlett-Packard d e l  201CR audio oscillGtor 

coupled to the switch through a Daven Company, type 7717 attenuator 

which permitted one db increment or decrement in the oscillator out- 

put. The output of the electronic switch was coupled to a 75 watt Hc- 

lntosh audio amplifier which was matched tog's impedance by a United 

type LS-12 transformer. A ZOOK-ohm resistance was connected In series 

with the subject to limit changes in stimulus current due to fluctua- 

t ions in the subject's resistance. Stimulus current was determined 

with a Ballantine model 200E AC voltmeter by measuring the voltage 

drop :across a 100 ohm precision resistor in series with tire subject. 

Sticrmlus intensity was adjusted by reference to the voltmeter. Sti- 

mulus foreperiods were controlled with a Hunter model 1008 timer con- 

nected to the external control circuit of the electronic switch. 

The electronic switch controlled a 70 



. .  

the foreper id and 

subject reacted to 

foreperiod was var 

synchronization of 

.. 

Reaction times were measured with a Hunter Klockounter. 

In the onset condition, the stimulus was delivered at the end of 

the foreperiod, and the subject reacted to the appearance of the sig- 

nal. In the offset condition, the signal caae on at the beginning of 

went off at the end of the foreperiod, and the 

the cessation of the stimulus. The duration of the 

ed randomly within a 2-4 sec. interval to preclude 

responses by the subject. The latter was seated 

in a 

rested on a board containing a 3 1/2 inch inactive electrode which 

covered the breadth of the hand. The active electrode was a circular 

stainless steel disc (518 inch in diameter) on which the first pha- 

lange of subject's left index finger restedwth his right hand, the 

subject held a telegraph key closed, The latter was placed in series 

with the Hunter timer and Klockounter such that when the stimulus was 

delivered, at the end of the foreperid, the Klockounter started 

counting time, and stopped when the subject released the telegraph key - 
which he was instructed to do immediately upon detecting the stimulus, 

The RT was then recorded from the Klockounter. 

IAC d e l  400 sound deadened booth. The subject% left hand 

Ail of the five rise and decay times mentioned above were used 

with each of five intensity levels, 

tions were checked with a Hewlett-Packard model 120 AR oscilloscope and 

found to be I inear e. The i ntens i ties used var id among subjects , s i nce 

it was desirable to cover a f u l l  range of intensities from near threshold 

t o  strong, and each subject's threshold was different, The intensities 

The envelopes of these canbina- 

16 
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: 
f o r  each subject were: 

550, 881, 1133 ,&A; RH = 340, 400, 520, 700 and 900,UA. 

t k e  intensit ies, ascending thresholds were obtained during f i v e  prac- 

EP = 338, 400, 500, 640 and 8OOpA; Ln = 426, 

To obtain 

t i ce  hours and stimuli 2, 4, 6, 8 and 10 db above the threshold were 

used. Actually, due t o  changes i n  sens i t i v i t y  occurring during the 

10 experimental days i t  was necessary t o  increase the ueakest inten- 

s i t y  a t  times and so the intensit ies given are the mean intensit ies 

f o r  the IO days. 

required. The three, male, student subjects received lo00 practice 

responses p r io r  t o  the experiment. During the experiment, four o f fset  

RTf were obtained fo r  each decay time x intensity cambination, and 

then four onset Rfs were taken for the corresponding r i s e  t i m e  x inten- 

s i t y  combination. This order was reversed ftom day t o  day. Also,  the 

presentation o f  stimulus canbinat ions was counterbalanced to  preclude 

order effects. 

. However, there was never more than a P O P A  adjustment 

A t o ta l  of 40 onset and offset RTs per stimulus c d i n a -  

t ion were obtained. 

The means and standard deviations for a l l  conditions were cosrpu- 

tad for each subject. A p lo t  of the means fo r  each subject is preten- 

ted in f igure me against log FA/arsec, the rate o f  current increase 

or decrease per cnsec., on the abscissao Several features o f  these 

curves are noticeable: (1) w i t h  low rates o f  current increase or d e  

crease, the o f fse t  RTs are faster than the onset RTs, while w i t h  the 

faster rates of  current increment or decrement, the offset RTs are slower 

than the onset RTs; for a l l  three subjects, the point a t  which 

the of fset  RTs switch from being consistently slower than onset RTs, 

Q.i.-,L,C. 

( 2 )  



t o  being faster, 1ie-s 

msec; (3) there are 

rates between 0.5-0.8 

18 

between a rate of current f 1- of 8-1 1 # A/ 

rapid fluctuations of  onset and of fset  RTs w i t h  

togpA/msec; and (4) the recurrent "bmps'' 

in the curves indicate that RT 

a t  which i t r e n t  i s  applied. 

rent detivered. 

o f fset  RTs obtained with 2.0 logp A/msec, ra te are faster than those 

obtained with 2.8 log,tAA/mec. The f o m r  rate was obtained by, di- 

viding the peak current o f  5 O O f i  A by the 5 msec. r i s e  time, giving e 

l o o p  A/aksec. ra te of current increase, The 2.8 log lu, Mmsec. ra te 

was computed by div id ing 3 3 8 ~  A by 0.5 RIS~C., which gives a faster 

ra te but which has a lower peak intensi ty. Thus there i s  a degree of 

reciprocity between intensity ( p e a k p A )  and rise-decay time w i t h  res- 

pect t o  RT such tha t  RTs may be reduced by applying a low  intensity 

stimulus rapidly, or a high intensity stimulus slowly, Hawever, th is  

re la t ion disappears wi th rates below lop" AImsec. , which corresponds 

to  the point where of fset  and onset RTs reverse the i r  re la t i ve  posi- 

tions. The of fset  RT i s  affected much amre than the onset RT by the 

peak intensity, 

i s  not soIely determined by the ra te 

It i s  also dependent upon the peak cur- 

Thus, f o r  subject EP, it i s  seen that the onset and 

The foregoing of fers  support f o r  the contention that the d i f fer -  

ence between onset and offset !?Ts cb~e-rved previously (1, 2, 3)  may be 

at t r ibuted t o  differences in  the mount of change i n  neural a c t i v i t y  

following rapid onsets or offsets of the e lec t r i c  stimulus. 

rates of current flow the onset stimulation may be attenuated to the 

With slau 
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extent that the of fset  RTs become faster than the onset RTs. I n  fact, 

our data show that; with each of the f ive intensit ies used, the of fset  

R l s  are longer than the onset RTs w i k h  rise-decay times of 2s met, or 

below, With r i s e  times Over 25 msec. in  duration, there i s  an intefoc- 

tiun between intensity and risedecay time such that o f fset  RTs became 

faster than onset RTs and the greater the intensity the sooner doer th is 

reversal occur. 

tensity levels plot ted against the r isedecay ti= bepeen which the 

re la t ive positions of  the onset and offset RTs are exchanged. 

2:t 
f i gu re rp resen ts  the RTs for subject f.M f o r  three in- 

By drop- 

ping a perpendicular from the decussation point of the onset-offset 

curve for a given intensity to the abscissa, one can deteimine the rise- 

decay t ime fat that intensi ty which produces equal onset and o f fse t  

RTs. This procedure i s  i l lus t ra ted In  figure 2.Z.We have called t h i s  

point the Wecussation tie". 

time against intensity on the abscissa for each subject. Thus i t  i s  

seen that the decussation t iare decreases as intensity increases ( w i t h  

RH showing some deviation), 

the rate of increase i n  neural impulse input which produces as dincri- 

minable a change as that produced by a reduction i n  input w i t h  thi: ces- 

sation of stimulation, 

*3  
Figured presents a p l o t  of decussation 

Presumably the decussation t ime  represents 

It i s  f e l t  that  decussation t ime  may prove a useful! ir-dsx I:: p s p  

chophys ica l  and electrophysio~ogical studies invo1vir.g electrocutaneaus 

stimulation. For instance, i f  i t  i s  assumed that  the increase in both 

onset and o f fse t  RTs, when slow rates o f  current flav are used, Is due 
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to an accoamodation of rapidly conducting fibers, then it ought to be 

possible to demonstrate the onset-offset decussation effect by ische- 

mia, which has been shown to produce a decrease in latency and aapli- 

tude of the nerve action potentials evoked by stimulation of the ulnar 

nerve in man (6). 
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